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LTHOUGH the association between lower cranial nerve palsies and myelomeningoceles has been recognized for some time, 4'9 treatment of the symptomatic Arnold-Chiari malformation in infants remains controversial. The debate centers on the underlying mechanism for the brain-stem dysfunction. 6' 8"~~ Although older children, adolescents, and young adults respond consistently to surgical decompression of their Arnold-Chiari malformation, 5 infants frequently have persistent postoperative symptoms. 5'~~ A number of etiological mechanisms have been proposed, but none address the issue of why the response of infants is different from that of older children and young adults. In this article we review our experience with the symptomatic Arnold-Chiari malformation and its response to surgical treatment.
Clinical Material and Methods

Summary of Cases
A retrospective review of patients with closed myelomeningoceles and symptomatic Arnold-Chiari malformations seen at the Children's Hospital of Philadelphia from 1975 through 1984 was conducted. This review yielded 242 new infants with myelomeningocele admitted during that period, and 290 myelomeningocele patients over the age of 1 year being actively followed in the spina bifida clinic. Twenty-two patients developed signs and symptoms of lower cranial nerve, brain-stem, and cerebellar dysfunction secondary to their Arnold-Chiari malformation. Seventeen (7 %) were infants and five (1.7%) were older patients. These 22 patients form the basis of this report.
The myelomeningocele defect was located at the thoracolumbar area in five patients, lumbar area in nine, lumbosacral area in six, and sacral area in two. All patients had undergone closure of the myelomeningocele with shunt placement during the early postnatal period.
The mean age of the 17 symptomatic infants at presentation was 2.1 months (range 2 days to 6 months). Fourteen infants presented with stridor and seven of those had associated apnea; the other three infants had apnea as the presenting symptom (Tables 1, 2, and 3) . Twelve of the infants also had associated feeding difficulties, with nasal regurgitation or gastroesophageal reflux and/or roentgenographic evidence of aspiration. Among the 17 infants, only two (Cases 6 and 7) had a single symptom (stridor) and only three (Cases 6, 7, and 8) had no associated feeding difficulties. The presenting symptoms and signs of the five older patients, who ranged in age from 3 to 23 years (mean 9 years) are shown in Table 4 .
Ten (59%) of the 17 infants underwent tracheostomy for airway control due to severe stridor or apnea. In six patients (Cases 2, 3, 4, 10, 11, and 12) the tracheostomy tube was placed after surgical decompression, and in three (Cases 5, 13, and 14) it was placed before decompression; the 10th patient did not undergo decompression. In some patients (Cases 2, 3, 10, and I 1) the tracheostomy tubes were removed postoperatively (18, 36, 16, and 24 months, respectively), following verification of vocal cord movement by direct laryngoscopy.
Three infants (Cases 10, 13, and 15) required gastrostomy due to feeding problems: of those, two required a Nissen fundoplication for control of gastroesophageal reflux. Nasogastric tubes were required in three other infants (Cases 1, 4, and 5) for feeding purposes following the decompression procedure. These tubes were subsequently removed in Cases 1 and 4.
Nineteen (86%) of the 22 patients underwent posterior fossa decompression (Tables 1, 2 , and 4); three had no surgical intervention (Table 3 ). The decision not to carry out operative decompression was made following discussion with the patients' families. Adequate shunt function was confirmed in all patients before decompression of the Arnold-Chiari malformation. 
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Surgical Technique and Findings
For decompression, the patient was placed prone with the neck in flexion. The procedure consisted of occipital craniectomy and cervical laminectomy, which proceeded caudally until the tips of the tonsils or the vermis could be located (Table 5 ). The distinction between cerebellar tissue and the spinal cord was illdefined in nine patients due to thickened arachnoid tissue. A tight dural band that frequently indented the vermis or tonsils was found ventral to the arch of the atlas in seven patients. The arch of the atlas was bifid in two patients.
The foramen magnum was invariably large. The dura was opened from the posterior fossa to below the tongue of cerebellar tissue in the cervical canal. In all patients, opening the dura from the foramen magnum cephalad was associated with massive hemorrhage from venous channels within the dura. This was well controlled by applying stainless steel clips to the dural edges or by suturing the dural edges. The dura was either left open or patched with lyophilized human dura (Table 5) .
Results
Among the 14 infants who underwent Arnold-Chiari decompression, three (Cases 1, 6, and 7) had resolution of their symptoms and required no further surgery (Table 1) . Six infants (Cases 2, 3, 4, 10, 11, and 12) required tracheostomy for persistent stridor and apnea following decompression. One (Case 3) eventually became asymptomatic (Table 1 ). An additional two patients (Cases 8 and 9) did not have resolution of symptoms and both died without further surgery (Table 2) . Three infants (Cases 5, 13, and 14) underwent posterior fossa decompression after initial tracheostomy did not alleviate their apnea. Thus, of all 14 infants undergoing posterior fossa decompression, only four (29%) are asymptomatic.
Among the 10 infants who underwent decompressive surgery 18 days or less from the time of initial presentation, five eventually died as a result of their ArnoldChiari malformation. Of the surviving five, three had resolution of their symptoms and the other two had persistent symptoms but are improved from their preoperative status. These two were subjected to decompression relatively recently and in time their difficulties may resolve. At present, the overall success rate for this group of 10 infants is only 30%.
Of the four infants who had decompressive surgery more than 18 days following the onset of symptoms, two (Cases 13 and 14) subsequently died, and the other two (Cases 2 and 6) survived. One of the surviving infants (Case 2) has a persistent feeding problem, but his stridor has resolved and his tracheostomy tube was removed when vocal cord movement was documented by direct laryngoscopy. The other (Case 6) had complete resolution of her stridor over 6 months.
Two of the three patients who did not undergo decompression died (Table 3 ). The one surviving patient had gradual resolution of symptoms with tracheostomy and eventual removal of the cannula at age 20 months. She required a Nissen fundoplication and gas- Table 3 ). + = present; -= absent.
trostromy to control gastroesophageal reflux, and has been asymptomatic for more than 1 year.
All of the five older patients who underwent decompression had complete resolution of their preoperative symptoms and signs within an average of 4 months after onset (range 3 weeks to 1 year) ( Table 4) .
Discussion
The Arnold-Chiari malformation always occurs with myelomeningocele. A certain percentage of children with a myelomeningocele will develop signs and symptoms referable to their Arnold-Chiari malformation. Younger patients (up to 1 year old) most often present with stridor, apnea, and feeding difficulties. 5:~ Older patients may present with nystagmus, oscillopsia, motor weakness, opisthotonos, mirror movements, Horner's syndrome, or lower cranial nerve palsies:
The spectrum of signs and symptoms at presentation points to dysfunction of the lower cranial nerves, caudal brain stem, and cerebellum. While the ArnoldChiari malformation is the best recognized of the central nervous system defects in the myelomeningocele population, Gilbert, et al., 3 and Cameron ~ have detailed numerous other associated anomalies throughout the neuraxis. Because of the presence of these abnormalities, it is possible that these patients have disorganized brain-stem nuclei and pathways that are sensitive to compressive forces. 6 During the 1st year of life infants develop symptoms and signs that are not present perinatally. However, compression of the brain stem, spinal cord, and cerebellum due to caudal displacement may not totally explain the clinical syndrome.
Among the 14 infants in our series who underwent decompression, seven died of persistent symptoms. Some symptoms have persisted for up to 9 months in three patients; symptoms disappeared in the other four over a period ranging from 5 months to nearly 4 years. If the signs and symptoms of Arnold-Chiari malformation were entirely due to compression, one would expect such infants to recover rapidly and completely. In our older patients, on the other hand, it was clear that comfjpression was almost entirely responsible for their symptoms, since all recovered completely over a relatively short period of time after decompression (mean 4.4 months).
Several other etiological mechanisms for a symptomatic Arnold-Chiari malformation have been suggested, l) Caudal displacement of the brain stem may put traction or pressure on the lower cranial nerves.It Holliday, et al., 7 recently reported the case of an infant with symptomatic Arnold-Chiari malformation in whom the brain-stem auditory evoked responses improved 6 days after decompression.
2) The vascular supply to the brain stem may be compromised as the vessels themselves have pressure exerted on them. 2 Morley s described two patients with stridor and meningomyelocele who had medullary hemorrhage on postmortem examination. 3) It is well known that a malfunctioning shunt may exacerbate or cause a recrudescence of signs and symptoms in these patients. 1~ The mechanism for this effect is unknown.
It is possible that a combination of caudal brain-stem compression and abnormal brain-stem architecture results in the clinical syndrome seen in infants. The fact that many infants recover brain-stem function so slowly or not at all suggests that irreversible damage occurs to immature caudal brain-stem neurons or pathways.
Despite these many suggestions, the pathogenesis of this problem in the infant is not fully understood. In an effort to define more fully the brain-stem anatomy involved in the Arnold-Chiari malformation, we have begun a retrospective review of postmortem examinations in our myelomeningocele population.
